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jgH G a N 0>IM A Jb&jfe. 

**** ^WHftAMtc^UTaisi^ftaicgm 

fc «:»« it 6 WISA G a N oiNUJUtt. 
«a«rt>ofc**, 77ty HRI*rl»W&4ftv^a 

*GaNO»MS*fc 

[13**1 8 ] ^JSM*0/SS*Ba*¥BttlBTfc < , 

*Hit£fco*:£2, 77*yH»«rH!)i&*4v^* 
*£*5*lfAj«*&fc*5VvT\ HI**-|pJK:*5 

5 £ t t VflMG a N ft»Mj*ft* 



[»**9] ¥«&»4«**rtl3ft*cfll*ft-e*)5**r 

«MG a NOttMJim 

1 0 ] sp*&ftft*«BB#UTiaff»BtlC* 

Tzm&vtoxmK {11-20} bbs>5 

tt^)«^G a N<0*tfAj««**. 

Wftfcrt«Bfc#LT»l3»ltfc* 

*>4UfrA G a N *>» Ajftft*& 

1 2 ] 5ltttrt*©*«*B*S¥B*llB"C* 
<, =R7£ttft77ty h»3S«r«PoJ:5*c:U ^ri? 
yHI»ttofc*fc 7 7 tj/ h fcv> 

XlcJ:!>¥Btt*:#j*., ^P)W^ffi«tki: 
ic «t 9 ^ffl)fc*B *r»S C: £ * -T 5 ¥«A G a N 

M13] WMMftttlX^^ ^7>f^»riDIf 

1 4 ] iHt«*JlII#; Wfi"J»DXt?*>5 £ 
«r»»t-*-«»*5i 1 2 BSa*0*L3l*ftG a N«RO» 

Itt**i 5] «a«:»**5j:^rt««^*Bi-^*t 

^H^^^^rir i/ h*3t<o*BDfldb»<D5PB^fe* 
fcB«©*^»B«B>^r5tt:*as 1 o%j2JLh-TNft>5£ 
fc*4W*:-*-S*l*9tl 2i:E«o*SftGaN«R(0 

5=*jc«ft77ty hBa*fett5*»* * h*5<fc^ 

oa^#^fe3tes*BPfla»o5PB3fl^^fcBafo-t«> 

5PB*^^.fc»B«B*hr^H:*a5 4 o%^_hTfe^r 

7] JMBrtft**JJ:^ft«<D*BB*3rt 
5E*3cft477ty hB30*feft«*«tfy h*5J:t«: 

o«***»feft5*aiDaia«©¥Ba*feJLfcB«©, -t 

E*Omtef H G a NMOlim 
M*S18] «MB*ft*R^Sao*B»c:*5ft5 

ffi^flco-T^T^sivMciifeUT^t), ******* 

2 lCCttC0«H$AG a NMOKitm 

9] *aBAMo*B£&ttSfft*trs' h 
RWOfi^7 7ty hHA»6>r*bfcftBtr*tril 
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[SB** 2 0] ««^ft«o«ffi^*5it<5j«Str5/ h 

hffi-CflWtSftfc:: £ 1 7 MB«*> 

itMSAG a N»S<03H36*» 0 
[IS** 2 1 ] «»#«<Dj«**ffid5¥ffi:tfc«-Cfc 

0, -to»*>:BS*^»o««3flJi o s cm" 1 ktx? 

*)6C:fc*W»it-5»*«l 2|:SBHtO*3BftGaN 
ME*>WK*tfe. 

[it** 2 2 ] wart «*flea*¥ffittttT»jfe 
yhttuo 8 cm -2 ^mart^s^ts 

IS** 1 2 |cettO¥«AG a NgteOfitffefrfc 
[ft**2 3] GaNOffiBMtr, t^r^/, S 
i C, Si, *fcT*/K NdGaOs , ZnO, Mg 

O, SiO: , G a A s , GaP, GaN, Al N<Z)V^ 

SM ** 1 2 KlIBttOJtMSAG a NS^O^m 
[ft**2 4l GaN^MM, t77^T, S 
i C, Si, *tf*/K NdGaOs , ZnO, Mg 
O, S i Oi , G a A s , GaP, GaN, Al Ntf>V^ 

-*-5f**« 1 2 KSEfcolMSAG a N&fc<Dj& 

[ft**2 5] GaN©***ftS:, «SicRlDH& 

t77>T7, SiC, Si, ^tT^/K NdGaOa , 
ZnO, MgO, SiOi , G a A s , GaP, Ga 
N, A 1 NO^f^^b^5^SM±Wft^* 

zzt&vmt -rsia** 1 2 iccttointt a g a ns 

[ft**2 6] GaN<o*fi«ftS:, MBUMntt* 
fi'b^AK^fett^ttAd^ftS^^^S^fl'L^ 
S i C, Si, XfcT*/K NdGaOs , 
Z nO, Mg O, SiOa, G a A s , GaP, Ga 
N, A l N©V^i^3ft^feft5lWA»BLblCrt*S 

AG a N«R^«3t*fe 
[fj?**2 7] GaNO«^ i^T-TT, S 
i C, Si, *fcT*/K NdGaOs , ZnO, Mg 



O, S1O2, G a A s , GaP, GaN, Al NOV^ 
IftBAG a NS«(D*!5t*& 

[St**2 8] GaNOffiiAJlt *BK:|Mnft* 
*Ufc#A«*fcl4*»A3&»fefte^x^»fc#L*:. 
t77^T, S i C, Si, *fcT*/K NdGaOs , 
ZnO, MgO, Si0 2 , G a A s , GaP, Ga 

N, A 1 Nbv^^^fcftS*»A*S±»-fiR*$-& 
fell, ^HfeT«l^*rlfc*bfcrt*r4Wt^«l(l* 

* 2 7 ICCftOWWAG a NXtROjRiftfrifc. 
[13**2 9] G a A s ( 1 1 1 ) m -LIC^X *J1£ 

y Mffit«rttofcS:3u »IC77ty h®a><bft5 tTy 

«rft«U GaAsSfi^l^ 
«iSSr«FBt5 i i «rW»i:t5*BfiBiG a NSfi^l! 

[f3**3 0] ft**2 4, R**2 6, ft**2 
7, »**2 8-C»fe*Vfc*«AGaN««*WieAfc 

^ii^ofcJl WC77tyh®^/i5^ 

^GaNS^oSitm 
[ft** 3 1] 5^^77t5/ HS&WLfcf y 

^-e$>5i:w^^tfy h^^i 0/im^^l 0 0 0/i 
m-c*>s::tir»«i:-t-«»**2, 13**5, If** 

6, *fctt»**7 0V^*t*^ffi*0¥jfeAGaN^> 
*A*fi*fc 
[ft** 3 2 ] ««J«fi^***©3ft^ffiJKtt-eft 
<, Hft5cWft7r-fey h«3SS:»oJ;5^U 

* h*S*rt>ofc*3u 77ty b«a«:ffi«>a*ftv^ 

Xfc J; & spfflitt**'*.* $ e>»c-t<o*ffiSrW«i-5 - 
r £ Srtt* £ f ^ 3M£A GaN 

[ft** 3 3] *«rt«**5J:^*««o*ffi»c*3Jt 

££#»£-t-Sft**3 2|CBEttO*«AGaN«E. 
[ft** 3 4] *CS*ft+*5J:t^j«ftao*ffijc*5»t 
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ttft*«3 5] fffi&^&£Xfil8&&<0&m\£*$lrt 

B»©*gfiGaNlfc 

£ $r#® £ -*-S»*3S 3- 2 KlSttOtmSfiG a NS 
Rtf* ©Sottas 7 r -try hSJft^TttfcttffiSr^tp^ 

t«r#»fc-r5W*«3 2. »*"I3 3, 4, 
If ^3 5, f»3ft*3 6 0V^i*^lC|B«0*»«G a 

hm-cmf&ZfrfcZ t fc#«fci-S»*J*l3 5 
WJMGaNSK. 

3 9 ] fxttJ&&<D&&&m>¥'WaVtmx-te 

tOiWft^^WUO 8 cm"* 1 WTt 
*>5"C tSr#«ti-SSI»*-«3 2"C|B«^l|M&fiGaN 

yMfeX*$l-0 fl cm -2 IUTT-*>5r 

HMt9l 3 2 icBftOlHtlrAG a NSfc 
H»*3K4 1] HW^rty hB*«Tb:fctfy 

M?*>SjK sfcv^Wu ^rir y HB*r*Lfclfy bolt 

^*Cfe5^^^>fy h&ASi 0 Mm55>^ 1 0 0 0/1 

mt$)5^ t -£ 3 2^ 4 0<7> 

V>r*UWce««>Hl|**G a Nffi 0 
[B#*4 2] G a N<0*CSj£ft£, t7/^7, S 
i C N Si, * tr*/K NdGaO s „ ZnO. Mg 

O, S i Oa N G a A s , G a P. G a N, A 1 N<DI^ 

J*Sfc*KfcfcLfcr i: 3 2 icBBtt 

[«*"54 3l G a N<0«ij*fiS:, Sifilc|3lnS«: 



t77^7, SiC, Si. * fcT*/V\ NdGaOa , 
ZnO.MgO, S iOi , GaAs, G a P % Ga 
N, Al N^^r^**fe454M»»»K±^j*«** 

"54 2 icBBaiiUgAG a NXffi. 

[000 1] 

ff3&*bft5**^*— K (LED) , U— ? (LD) 
^^0^3fe7 :r >'^x^^■^v^^^^5G a N¥3g^I 
flu *5J:tJS*©»»*ft*ft. BJKWfefcB-TS. 
[000 2] 

3-5««fl3»**Wfle (GaN. Ga 
InN) *m^ft&?t7*'<«<Xte. HrftLEDft^TWE 

fc*flHbsn-cv*5 0 itv*GaN»Ki*»fen*v^ 

i^^r^r^v^tbT^fCo i^^r-rr (Al 
I o,)(i(oooi) B^6BAM«^4*t>. ^fcLb 

|:GaNTO^l«gf$ e t7 7 >f7±^Ga 
N»R % Ga I hN||Mf4teffi3flStt«>-C#V> 0 3*. ^-Jx 
■ettftL ED i: Lt«ffl-C#*lh t77-f7 

^GalnN^ffeLEDOSS^U, f7 7 ^7l 

[0003] fcr^as^^r^TSKJcfifc^iS^B 

[0 0 0 4] ^*Lt>$*S?*^BH«:§lfrjBi-t- 0 «^ 

S**UGaNTJB»«:«a$^ ^Mnl^ttM 
Ba5*>5. y-K^m^O^Ofci6^2lHl[7^-y^^ 

lc tt:«*iSj |c««ci$ ^ 5 a$tStt T»f 6 fc ft fc 
77>f7SSJ:OGaNf^^(l3^ f*5JC%oTV> 
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[0005] ^t77>f Tm&<omm*m#rtzit 
fetes i cmm.*{&?zktfm&£fhitzki>hz> 0 s 

sterx*>So tfes i ci^mtt^fet)T{Rims^s 

i c&&o&®iet£tts;i£#x£So m^fcfeM* 
fcilsJX&t?o U^lSiClit7r^7j;i9fotll 

So 3 ^ fil^Ot S i ..CS^OG a I n ffe L E 

[0 0 0 6] fe&teOf^Ko^Xi^So -^t-TT 
mfe. S i Cm&t±\ZG a Nj£,P B i$M£^£-g:S «b G 
a N t mmPr t <Dm<D&T7£&<D ^(Dtzfrfc 

v^raS-CfcS. Sic, ^£rlTflE£;hrC^Si^7^T 
(GaN, Ga InN/£^) IdilO* cm" 2 t><^>7^5 

[0 00 7] SicSM^ii^i<, ^f*^> 

^iciiio 8 cm -2 mmnfctiLfrtm-fzk-mfr 

*VCV^S 0 

[0 0 0 8] Si, GaAs^m^f^J; 

v\ ?*'M*fl^<Dfc«>fc:w\ s it±mm&A*K g 

a A s tt®Etfc3»«3ft53F^t»*>S. 
[0 0 0 9] 5Fl»3fc$^G a Nl»H^r J; ? 

i£W Ga InN^ffftLED^ XttMEfltttL 
[0 0 10] LEDt LXtt*jftTl>1^0r?S>SflS* L 

— m*:7T>f T^*ffl^X«2fc*VXV*S 
J6v ■4*55WhO*"Cna3d**5. -ttUil 0 9 cm" 2 
*><Dg>®;<Dfe{<L&G a I nN^OLD(^^#$:$iJ|5SUT 

[0 0 11] ^tt^>0^$:Sl|g-ra^. GaN^f 

Sfc**W#tt%X.5. GaN«B|i*SSi:«ilftt 

*> s a> «b v ^ & f- v v m-r Jim& ®% \c & 

So u-f«Di^IS?7»Ii: tXfiJfflt^5 0 



[0 0 12] H#JK»**D»LXt>GaNOiB«R^tt4 
fer#*LXL*5. GaN»M<bV^5^0^X^4V> 

SttT-fcWtonxW5}65j@ii5BE^gXG a N*3feftSr« 
*tt««>XjKLl\, fct^.GaN*feft^jB* 
EE«B-e^X#fe-i:LXt>/h«[^3»ftX*>oX,. £X 
fc^^bXfc^Fig-CfcSo *fflj»A*W||^i|i3ft^f^ 

[0 0 13] *»^#tt««±orafi^oV^X«S*L, 
&f*t^;*^£ilLXG aN^ftM$t5i let 
oX««>Clfee*«r<a«i-5*teSr«3eUfc. 

[0014] JB#I?9 -29 8300f 

1 0-9008^- 
[0 0 15] Id £ o X*38^#<D /W*fiifc*:«* 
trv^ 0 ciixttG a a s m&±\c* by 4 K 

Sr^t9l&S£i£G a A s'X««rfifc*UXG a N<fcftft£ 
#S;*feX&So ^ItblilfecDGaNSte^S^X 
fcSri*, 

[0016] BMMHZ 10-102546# 
[0017] Jdfi-tOj: 5 4G a NM^^I^o 
X, $f>l:7f7/U^Ltlf^GaN^ V=fy h£§2£ 
3tU>fV=fyVSr^9>r^ UX1S!&#:<D GaNS^ 

mz£oX, G a NWttASKoMk^x 

^^T^TilC^ofco GaNfi*Bffii J 4>5A^GaN 
fr]»^ttiLr2*DnOnjB»«K-Cft 60 niG a NS 
SH«»50^ ^±tLEDS:ft*), nlGaNSi 
Oj£tti;in®ffi£t&ttS££asx#So P-¥®±lc- 

tt^OGaNS«ttWfflXfcSo LDS«^i"SI&^* 
B§ ® *&m& ^-c^S^ t^X^SCD X#$B£*Xfc 
So L^L^COG a N^tS«V>^f^M25 5 feoXLDg 

[0018] 

fcfc:** < rs C £ asfc*tf>I£MXfcS d £ ^^|: 
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[0 0 19)«*O*ftttt, ^h^^^t^^^^ 
U7T7 ^ot^Ga N iSA ^«fc&& 
ffi (EPD) ftixio 7 cm" 2 KTl:»4fe4^o 

■^*(OGaNll — if SrflFSJCfiG a NSfe<7)EPD 
111X10' cm" SXT-?*>ZZ£&&<m*tlZo 

5i6W3ft**>5. -wT*S^h<^V^5 0«:l^'^ra^J:0 
[0 0 2 0] lXlo'.cm" 1 £l~f<Djg$G$L<DG a N 

<fc 5 *«EffiG a N¥^»K^>SSI3e^«rl^-r« r b 
[0 0 2 1] 

[0 0 2 2] ^h7^^^^^^ffl IT, GaN<£> 

[0 0 2 3] ©m^W^iifi^^^v o 1 . J 8 1 
-C-II, No. 1, p 5 8-6 4 (1 9 9 8^1 

«*>fi*j J&mm%$ 8*JB7*p 7 7 4- 7 7 9 
(1 9 9 9) fcfl^$jh/r^5. 014-01 7 tC^CO 

[00 2 4] 01 4teV'7 7'<Tmfo<D±\CG aN&H 
ItGaNO [11-20] ^lol^jgtfS^ h7-<^ 

•*5^^X^8SA^«*«jCig«J*fi36S*5r?) (11- 
22)®. (-1-122) m*£&to\Z.&&-t-Z> 0 fz 

*^O|5tt3fl«GaN»ffll»c3l$tt30«ix5. W(cJ:oT 

ft £ Kit*. 

[0 0 2 5] &tfSm£otf:tf>^ 0 1 6 0cfc.5 l-G a N 

idi-22), (-1-122) -e&6o 

[0 0 2 6] W X if "7^ ^ ^ OMS ^ 



•To ^eo^c® (oooi) ictavvc. rnfc5cttfcj«ft 

e**tfc>*SOtt*«"C*V^5pfiSF»35cG a Nim^A 

[0 0 2 7] rco^£\ &frbffijjfa\a*&m\^x-*x 

filt>ctti*ia]^jgt/x*<. c«i*[S)lciI*rslEffi^ 

t>«*ftfc3K5«. ^bc«i^ia:«"t-<5IC5i<Etfc^« 
[0 0 2 8] 5fe3£0«Ltf«!B-ef±. ^**&<D*Xffi£ 

ft* bbi>\C'b mm&l 4 

£ ^ * o 7 7 / ^Hr — ' < - ^ d — ^ J: 
oXGaN(DEPD$:-^l:i0 7 cm** 2 

[0 0 2 9]*^ft), r^GaN(D7T7/^ 
(000 1) "S^fe^ci5X?^-2fe7C^^ESU-r5 

[0030] -**?±\zM;Wz&£hte, mm&6,xmm 

fi»$»ttTUfcas, (tetfcfcfl&S lxio 7 cm" 2 £T 
[0 0 3 1] *J&0!#ttU te{fc)d>^b^V^S^ov>X 

*) «r*fT5RR9-ctt, c m\^\M.^^m{<L^mtm 

5patt«r«l»U^3ftS br2fc5cW^Srtf p ^>ft* ^ 
^ Ufe(Ett«r^5fe-f 5 r. b &X t *v^ 0 
[0 0 3 2] ^tU-®, <5)^<b f X^T^TV>5^iS^:S 
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T> G a A s «rMW5i^B!»^fc«)G a AsSS 

■-Cttlf^s, OaAstSfitU5i:t5irt*iW 
£t>o£Ttf5&*&«*>5. **Wff4GaAsStt* 
ffl V ^cV \ f77>friD fc^ttKRjfc u^-rv *b G 
a N*fift«*lCG a A s SfiS:»4t* 5. £5^5 

[0 0 3 3] ST, (EffiOHJEfcR*. 

[0 0 3 4] ^^tm^#£J£i& c Hcfc 
[0 0 3 5] 6ffiffi*MMI*a&£-ti\ 

[0 0 3 6] *^tt?fi®tM$t50T^< 7 
[0 0 3 7] #J»itt7rtS' h®ld<Bffi^«c«i6^fe 

9 cm" 2 iaT<^lEffi<Dt>0*»3rfcaST#3. $ 
. fcWR^fcifcfcl 0 4 cm"* -5 X 1 0 8 cm 

[003 8] ^r^aB^S^rirs' hffi£V x 5*>ttcffi 

-C^feo £;h,a><b«lEtfcG a NaWS:KJB^5*^-5riB 

[0 0 3 9]*»«©GaN«ft««ll, 

(1) 77ty hil«:*4^77ty MS:««$* 



(2) 77ty bffiflB»7r*y hBtoWlciSIf* 

(3) mk<r>y 7 ^y hm<z>&£n?hz&m&z&-rz 

^tltaot 1 0 8 cm' 2 WTOfififfiG a Nttfift 

[0040] ftfrV\c<\ f ^mB'?hZfrt>&v<Wimi' 

[004 1] G a Nft^S^ (hexagonal) 

4M^^1V>5 8 a«U bttttl 2 0*Sf4U* 
£12^1^ (a = b) r^^>^ESSt-5ctt«:WII4tt 
Tfc5adlfc»U<4^ (c^a) . a M £ b $*fcttXv 

tea bm<n&ft*&+ZWzMft^*ft<tK*<o~Ch5 

— o(Dmzmfc-tz>o zti&mzdt&k-tz. a. btc 

ICfc ? — o£?#<D*& d £i£A Ufc^-Cfc 5 fl» r *U <b «: 

mn) -C^Ufci:-t-5i:. r*tHJRAa^fe**.T 1 tfc 
B0>ffiaSa«u b«u d«u cto&®Z&<Dm&frt><n 
®H#a/k. b/K d/nu c/n*C^i:^9: 

fcUa. b. dtt«:^Srt^*Jx55i:**Jffi«"Ca!>5 
A*ib, k. U mf*3fcfc-efc<, Stick + 1 +m=0 £ 

tt3ojMv^ri4iEilE*t#ii3&s*>sa^ iw^o (c 
tt) «D»*ttascT*>s. 

[0 0 4 2] «*Offi*{fcHtfLV*»9Ii (•) -CSWW" 

ttttftJSA [-] -C*>fete-J-..*«*{ktt«BB«<-> 

[004 3] c«i*rfiilc:j*S^-a:5^v^5itrt:6*"|p) 
^ 0 7r-feyh®fic® (000 1) H*«i^}ri: 
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[0044] {1-212}, {1-211}, {n- 
2nnk) (n, kttSR) , {1-101}, {1- 
10 2}, (n-nOk) (n, k f*g») 

[0 0 4 5] *^-C*>5. 3feifiOJ:5^ {■") 

{1-212} ffitt, fiSUffiiC 
"TS^ (1-212) , (2-1-12) , (11-2 
2), (-12-12), (-2112), (-1-1 
2 2) <Z)60(D®$r^tfo ^^60(DS|p|® (77*y 

tt&A % t£*\ *U1 {1-212} (Oyy^y Ymt^O 

5o fitSfrfcfc Ut> {2-1-12}, (11-22) ^ 
^£^f5LT^Tt>r*m {1-212} i:i<|^Cf 

[0 0 4 6] *»WIC*5V^T, teffite«<^Bfcfc5g 

ft* 5*SAl-*§tfcfc ^^Pife^^-^ft«>a ^ ^^XA 

[0 0 4 7] *Jxlcj:-pXtt*rt<o*5tfc*o^fi6a«7r 
■-fey hffi©»*iB, 7r-fejy hffio*m«ld««>e>ttfc 

<Dig#E, 77ty hffio#ajSl-tt^tt3ft«*a»nUX* 

r"fey hffi***f 5 UT*5ffiS:**««>5^3ftS*>50^ 

[0 0 4 8] — ftfctetfcoiifT*-* fa # tt, 

^tC^#-T5 0 GaN^IO^ -^**&f*3<Dcl&lj 
*IrJO 2 ft5c»Aft«r LTV^S £ #te<£tt c HMrAlcB 

[0 0 4 9] IS 1 4—0 1 7 fi^T^/M— ^n — 

%x5*:fct>9--«|g«9ig5o 0i4rt;ife±l^^^ 

255 (cttl#|fiJK) ^**±Kte^L*l>a> 



So £kfc/S*M*iit?fceil 6Jc^-TJ:5^ttfli^^ 
^o±|c:off5«|fij#Jc (abSrt) ^ftt^o tetttt 

g a N**^»«»oi|ijR-e«*u-c* bic±m*jcrt 

^-,*-^n-;*tiffi£^&¥*a® (ft®) fcjfc3.fc5 
[0 0 5 0] *»^fi«ffirt*-eft<, Dfldb^o^r-fe 

[0 0 5 1] (1) 77ty hEA«3ftSl 8 Offi^T^ 

*1\ *45Si»«07 7-fe y hffiW^fttAlt^ 1 8 

So ro<D77t5/h®Fa, F bfctt£#;tT^5tf> 

[0 0 5 2] U>t77ty h ®TW/&gr;fr[6j A, Btt 
7/tyMFa, F b fcSFCfcS&R&l£ffiU:|9« Ufc 

3fl*ifb^«*r5^b(^tt^*lc5Wtt'5. 77ty 
hOSIMftm^^tetfcfilliHS, *3te<5(EtSfc»»«^i- 

[0 0 5 3] (2) 77ty>BA*iU8 0tK±© 

Hftoit »ft5Si»*«)77ty MBWfttAlta J 
1 8 o*J:9**v^»*o*.9»»lla<Dflfc*oTV^5 
I3 4lcrcoj: Mlkff^7 

*Rl"efe5. 77tybffiW*ft*|BlA, Btt77t 
LV^255^n^b^iP fc 9{Ryl-^^X^-t-So 77ty hffiflSD!Hc:« 
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»st*iKicfiKftB team £ tuSo 

[0 0 5 4] fifAAft fc 1 fc »Ji««iM»mf4»:JBJj:±*-r 

^CK-cfc^c, BK^HbttK(l/J^KAttJ|L&ft9 Ho B 
ft^ftSUKfir 7 7 1 jy h ffi F a , Fbor^® 
<tft5 0 77ty hffiOD±^^qtLfc(Effirt:^OJ: ?fc 
.iliiftiS$*it77ty M3&^jBx.T^<. Btt£tt 
UK o fc(EflEj»rt:**53S«>rt irJ § lcigtra>g> ft* 

ic * il*»±kw * o t # < o tcfr t>mfrh% 

ffi^O»»ftIgia^fc5. 77-feybffi^IM 

[0 0 5 5] tfclc:, ffi»*©»3&5H*07riry KBo 
irPCip^OTfcS^ 'l9 7fiJ:9Mtttfe7r-fc 

^ilBfcttft£>ftv\, B4-6tf>J;5 4na» (try 10 K 
3B»«li77ts' hB«roj;5ft»«»tt«rX5 

^ICflJJB L£ 5 0711 {1-212} ffiOW 

fc5 0 fy brt*Tfttril**rtlA, B-tt^BfcttAft 

ortft*lSJttc*k*|fiJt»*>5. 77tyhffi©*»*l^l 
A, B'H^oTte^ttjgtfTtT<o FaWte^ 
5WT*fiaf4AfcWC*>«. F b -e^tefirOitff*-^ 

bteBksm-?h% 0 e<>(Dnmm (77tyM) « 

[0 0 5 6] »IMSm^T5«7 7t.y Ml:(ES 

•fey hffi*>jftK#T6j[«:a>7T-fey hffi<Z>J*S*Jp]fc 6 
OfiERftS. fcbfcSH&^r-fey hB««)«Stt^45li 

t ftv\ ft? a^^Mmtigt s a>» JMftm IC* o T 

[0 0 5 7] mmzte¥-%}#}\Z±\Zfafr?J$&tfl$^'D 

i:t)^bf^y h**/.h£ < ftkftv^teJh;#0&f!n 

Mi«S:VtU 7rtj/h®^Il^mt^' 
0 ttt, 77t;y b ffiTO^HitS^ V s i nfiTfe 



5 fc-ra t try ho*t £tt*£^j^^vojfi£T?± 

LTfT<<, 

[0 0 5 8] $H£tt«&:7 T "fe y h I^l^I^t^ 

tSv^6 0' <oftft«:ft-r-ffi-e*>5. 
[0 0 5 9] j«««:±*|Sl^jBi53&^, »JM6Cfc*> 

[0 0 6 0] ^M^CD^fi, M^^riry hB^#*>£> 
<Z>«Effi. /Jv«Att*ft^«-«b^:T^**oT< So 
r p U6o»77ty hBaWMrt-*** hrtoit 

[00 6 1] #«^lC«^Ufc*^fcft^O*RStt^fti 

[00 6 2] mtiL*MV>1ttt#:<DW%M. 

[0063] Btt^te, »izxteti:z!Km<Dm&ft<Dj& 

/JH8fttt#ft^oB*»tt*^TU*5»'&t>*>5. £ 

[0 0 6 4]-*fc*«HH:J:om WBttoB* 

i5«*oT««*il5:^fc5, ftR^toftJftt^y 

o£S£Da*¥^#J*tf l .O 4 «0|Ett**«>5fcm 
rf, ^y^-tfy mi o" 4 ic^s^p :ttcfts 0 
[0 0 6 5] ::n*^*»WO|Effifi«*-SSfe«:»U<3!e 
-<X^fc 0 L^L*^HTV>ftv^^:ft^M^fe 

to#VKim»'J?<»»MLtf±< ftv> t 5 ^ £ icftoT 
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[ 00 6 6 ] ■ 1 1 fctt*©«B»B**-*-. #*» s a* 

i i^s^injic: zti h (ommt^mtc m&x& 

<hx;0*:£LTt>. *jH«,3fcEPDfilt«Ba»^*5^ 
EPD = Qs/ (s+w) ^^pld&So <£M 
3»*f4s/ (s+w) "C^-XL^JxSo r.*ttt*vvtfv%l 

JHBWejR^S i5in/10000 S*^«^a*«r 

[0 0 6 7] dO^lCgiU-Cfc, **W#ttR^J5^* 

[0 0 6 8] G aNJ»ft^>J*fi^*3V^r. 7rtyf(0 

■e***f±, mwr, nh 3 # 

EE, GaN/fcg*ft, ttftUCs 

A*3A s «3d t>?7T*y MfcftWBi 6<t?tci-5 0 « 

[0 0 6 9] «^tf*ftta*a $ iK^«if«ffijC/ji?)^ 

v\> Jbtf 5fc77ty h/fcfcU-^V^V^ 

5 5fc^5££T?*>S. HC lfr&tffe^mmmicti:*) 

[0 0 7 0] GaNJ»*<D«ft+|C, rtt^>0^*# 

mtZlt. ^S«t>I$*|fi]ldt77ty htf^«: 
Ufca*a«*>5J:5l--rS-. 77tyh*fttfc»fc 

UfcV\ r p 1 5 r o Tit® 

h«H£HRw (x, y, 2) ^Htt 
(x, y, 2) ^77ty 



w(x, y, 2) =0 (x, y, 2) #*SSSnj55tS 
w (x, y, 2) =1 (x, y, 2) ii7 7tyh 

-fc7te>mmft&m&w ( Xl y ) m*b* ( Xi y ) 

(x, y, 2) r=ltfSfc;h,tf, £ (x, y) (DWZlk 

^ (x, y) <dw*o^*brt*>s*:-*-6. 

W(x f y ) = m a x , (w (x, y, 2) } 

fc-efcSo Sffiiffw (x, y ) = i£-r*u*£Btf 

;t^cfr£#-CW (x, y) = 1 -Cfcofc^ LT^ffigco 
zlCJttSxyl^fw (x, y, 2) =l£fcS£ 
V^pt>0"C^V\ foS^J (fcSxyTO "Cw (x, 
y, z) =lk*J:Zfotf&\<^t\<^&?te&m*htl1i$ 
*ffi£*-CW (x, y) = lkt£Za 

[0071] 012 tx^(D x o tem&<o&&m<oiimm 

Z^-f* etfl577tyh«ft» (tT y wf 

lc-«Wlu77-feyh*ft«* (e*> *>J^«F)fi*fc 

uftv\ @ 1 2\zi$\i*T&8m (m&fc&m xh^x 

[0 0 7 2] Ell 3f±V*o*5««fcLfcfc<D-CfcS. 

[0073] rnxfa^x xzfrx-77±v h&&<om 

$W77tjyM« > «ffi««<D»*JJlJ:oXtt:** 
^>ftV\ ^tb^-C^gtC^oV^T'7 7"fes/ htiLft&hti 

tVN5RWS:UX#fca5, Wifc77-kybB«Fi 
^ciosm (W-F) ^(B0fca«Jt^Jia»$Jx5^«-OJ: 
9»-^So *Hftfe(E(fco9JW**>f4jBC5fi-T3fl5 
ftv\ *|S^lHEffi:«ri o~ 4 -io" s (D*-y-x 
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[0 0 7 4] ^©J:p^77t5/FMOlI^t5 

So ^r-fey MBK«:**.*^ttrt*ffl«SrTJfS, H 
C l#I££J:»f5, NHs #EEfc±tf*, fifc«ififc*-k 

[0 0 7 5] Co LT^tt^S^^^oo^^OG a 
NftftjfcfitffTfrjT,*. *»WOGaNtt|il:il, ?$B 
#OB*Ra. /Jv«fttt#, j»«tO<Etfc^WS*^«:4^^ 

So 

[0 0 7 6] £Jl±lil|ftWUrttfc*»W^)GaNj|SArt 
(1) 77tyWi77tyhiSto8ffa-*ffiiS 

(3) MB©*»*-5Mjft^*3rt5(E 

(4) *««T*^^a«#r«rtfcJ;6l»»** 
$tf£>7£j£o 

(5) 77't y hE*ftJIBIM*«o«*i:J:5fi* 
[0 0 7 7] rKfe Affile J: o-c. ^S^; 

^^"C^^ttSd:, ^lUO 8 cm" 2 <7> 
|E{fca5*>o*:»g\ 10 4 cm" 1 <DU-</U\zm£Zm 

[0 0 7 8] aMBW©«»ft«»*RWUfc. 

[0 0 7 9] =ft3C«lft77-fe!xb«3titttt, 77 
hfflims^y hoa^#4ifSrt*tS (IB* 



*2) o 

[0 0 8 0] Sbfc*«Wr±, 77tyhfllMt)ofc 
[0 0 8 1] 77ty b«ig$:t>o 

[0 0 8 2] fifcftfcfs' b {11-2 2} 

{11-22} m\zm*tiitmxftmvtwv h t 
45:i**v\ »cv^-c {i-ioi} H-taa+Sw 

£tfSfcS 0 -t^&^ttSfc&O) {11-22} £ {1-1 

0 1} KLioTiSl 2&m&;<Ot?y htttZ. 7 7 ty 

k*^fc^5*jfi*#36*o;fc. 7 r ir y h B tf>3=ft#5fi 
{11-22}, {1-211}, {n-2nnk} 
(n, ktt&$0 , {1-10 1} v {1-102}, 
{n-n0k} (n,.ktt&&) STCfcSo 
[0 0 8 3]**Mf4. £^K:£fc, 7r-feyh*56S: 

(»#»5) o 77ty h«jga$igAfc«t*fc<Z>fcf y h-C 
[0084] *$§^te£fcH&5tft#:7 r-fe y 

5»»Ji«wy!>Ao»Mfttt'e*>5 (ft* 3 ! 

6) . 

[0 0 8 51 ^(1^1:. 3^77t»yh» 
(13*3*7) . 

[0 0 8 6]**«tt, GaNBIrtfttl:, 7 7 t-> 

*K;uv^t)***ft («*|6J) l:77tyM*ftO 

ft*y»>AO«Art«»T*>5 («**8) o 
[0 0 8 7] =*5ctt*7r-fey MBft^fettStfy h 
©77ty >BFi {11-22} ffi-C*> 5 t># 
v\ *0>»£\ try t«Tfft£TOttfe/ftJtBK:tt'LT 
»«M»cflffi-*-5*Btt«>B*lft<OB*tt«: {11- 
20} TfcS (»*3Bl o) . *0>««\ ?£B#B:fc 
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1) o 

[0 0 8 8] 7rty h®Sr*H»U4^(b«ft*'&5r 

£ *r rt asfis-e** w k <t o x g a n oj&g*- ft nfrn 

W^*ft*«**fi*5c«l*|ft^fcS Steffi 
[0 0 8 9] **WO|Effite«oa*S:»5yt«>lcW:. 

©*BDflifb»OffiaF(Ott:*F/W^l 0%£LhX£>5 
5 (8»*S15) o ::T'ZiSJ:^7 7 

[0 0 9 0] -JilEttfi«a*Sr»5fc«>»crt:. 
w»c*H-5 7r"fey bffi«F^J**F/wa*4 0%£U: 
-e*>5£fc«B*Uv* 09**16) . <E{fc<£«ofc«> 

[0 0 9 1] J:«?»*ttJc«M[€r«^*-e:6»-f47r"fe 
y h ®£tJfc£ 8 0 %£Lhi;:r 5*W* 09** 1 
7) o 8 0%£AJbfcft5fc, *fteyhsi^^7rt 

left*. 

[0 0 9 2r£&l£H&Attft7r-fcy Ml 

try ^i:-t<ott'&(♦:^Ta«^v^^cig3lsL*ffi^ccffi« 
WWEUftv* (f/w=ioo%) (BfUiJNOUR: 

ti*fc*LV* (19*3® 1 8) 
[0 0 9 3] W±Jc34^fct>^)ttJBjt**ffilC»h/S>b«> 

to7rty hffi"eft<Xt>7r-fey hiff&RKl£<Effi 
*r*4>**S£fctf-C*5. :M*fc#tffclftfl^kfto 
TV^XfcfcTyM* (QOtt) lCftoTVN5d»MEflUftW;ffi 

©*Hf g xffi^ LIU*** 

[0 0 9 4] SWBfiR«««>*ffil-*5«t6rtft 

Hfc*iB«r<r*-«»**fc*tf 09**19) o mm 

h £>1S£#:a> <b ft 5 *ffiDadb ffltott® S Jfc*a* 

10%&_hXfc«9. ^O^TW77-feyM^Jbf 

09**2 0) 0 

[0 0 9 5] =9c5cW7r*y bmZ&TZVy 
Lv* 09**2 9) 0 XvYm*tb**)\Z-'bZT€Zb 



iiNf^) n * >55^ < ft 5 #«SF«TC*> 5. 
[0 0 9 6] 

[*E^*lfi«>»lS] W±l£:fcV>XlMfIUfcfc^W:Ga 

■jftXB^iMffcftS. ft«j*«fc:*5V>X* SffitfffB 
*«"Cft<H3»:5c«jft7r-feix h«£*fcfci*X<gteffi 

(DGaN*B*S:afiS*5, 

[0 0 9 7] £©77'ty MBtfct)oTrtftS*fcB 
tetfcG a N*«».€:««WftIX LX¥ffl££^-;t 5* $ 

NS^S:||5 -09*381 2) 0 

[009 8] ^ffitt*^^SfcftO«t«niXf±«FM*DX 
(19**14) o rtl^fi^Bte*:**. 
6 «)0«W!HIXIix 9 << flPXXfc o X 1> A V > 

(19**1 3) . 

[0 0 9-9] «»n»MM^ $C*a^JdJ: 

OHVPES (Hydride Vapor Phase Epitaxy) 
OMOCVD& (*W*«ft^*tt; ; Metallorganic 
Chemical Vapor Phase Deposition) 
OMOCfe («H^IW4b4MUSJftftSe ; Metallorgani 
c Chloride Vapor PhaseEpitaxy) 

ft **Wf±rtue>o*«feoflrtu*^v^xt>* 

[0 10 0] HVPEfetl>5©tt, h**— /l'S! 
©»HF<&Jb«ttK:G a h £rt> 5 ItJMRLfcG a ft 

«4R«rt>5»tNHa Mfc*iMrJ:5U:LX*5ft. *D^U 
fcGa^/l^ (Rift) fcHCl***^^"CG*Cl 

^UG a N3ft5»RiC*i«i-5 <t 9 I- LfcfcfcrOfc 

[0 10 1] GaNfftfiUUBV^SRi: Itfi, f7 7 
-f 7\ SiCs Si, *fcf (MgA 1 * O4 ) , N 
dGaOa , ZnO> MgO x S i O2. G a A s . G 
aP, GaN. A 1 NtjfOWttitiRWS (19* 

*2 3) 0 v^^^t5-^^< n^c-n^ss 

3I^O/£XG aN^SlSt LX#i§ftt>tf>X$>So * 
[0 10 2] c«|*fiIlc:GaN*ftft«rrtft$*S»'& 

^(hexagonal s ymm etry) X$>5ri* 
Sl^"^^ (cubic s y mm etry) X£>5^£ 

ft-efcs. ic*»*o»* (111) ffi£tt*.tf=iHj*fr 



(13) 



WBB 2001-10230 



[0103] ±«a»«-ex*fl*. sttra^ 

t77^7, SiC, Si0 2 , NdG 
aO, , ZnO, GaN, A 1 N/i 
ft*fl3v^5£fcaS"C*3. S i, *fcT*/K MgCK G 
a As, GaP/iifliMlO (111) 

£*T,£l±iaoT<5o GaNi:iSO»tt^« 

[0 10 4] GaN*ftoa©SKtts *ffifcWntt*r 

77^7,.SiC s Si, X (Mg A 1 

a 0 4 )% N d G a O a . ZnO, MgO, S i O2 „ 

GaAs, GaP, G a N, A 1 N^iTO^^S^^r 

®Lm-*zz.k%mmxib% (»*S2 5) * -^^^^ 

[0 10 5] ^^^<Dt>5«t*^t>2«i<;>«WK3ftS*> 

KG a N'<y7 7m*mttZ*(OXj&i&m\Ztl:Z. 
i> 5-ottS«(D±l^«>»< G a N/g£?&*bT*5^ 

[0 10 6] ^**l±|RjIj<&BnPtt (&) &*£fcft<T 

fc5o -^^^t^±-CfiG aN^*TOL^V\ 
^Ii7f7 (Lateral Overgrowth) Srff ?fctf><D 

[0107] ^x?&(Dj&mzh&<>fr<Dmftj&&&> 

So 

^-r5^O 0 cI©GaN^H5i^ R& 

ttgfe bl\ 

BBP«ft*^7^— 
[0 10 8] rH?>0*#tv^^t«fflLfc*fifi, 

[0109] fcS^tt^-X^fcUSK 

x, wmkti. 



[0 110] TifcIi&£±2WG a N*£ft<fcWfW*»fc 

<^GaN^3i/N«:fpj!li-^»^-C*>5o ffV«*«:j«* 
fcTSS (»**2 7, 2 8) o 

[0111] *<D1Z#> S f77>f7, SiC, S i ^ 
fc^/W (Mg A 1 2 O4 ) x NdG aOs . ZnO, M 
gO, S i O2 > G a A s. G a P. G a N> Al N& 

Kwm^xmmLtov^znz&ottz a*** 2 
4) . 

[0112] nfcv^ *aff^HPtt«r#-r5**ifxtt 

^«^5-7X^^t$f77^r, S i c, 
S i . ^fc^/P (Mg A 1 2 O* ) . NdGaOs , Z 
nO N MgO, S1O2S G a A s > GaP, G a N, 
A 1 Nt£Z<Dmf&&m&L<D±\^ G a N*«#tfc#<Z>ff 

5 (»*J«2 6) . 
[0 113] I#<fc*^&fts3£#fc|l3«^ rco^ 

[0114] »K©*m*«E^r-s©-e. m&mm* 

20>timt>S>s «R«I^G a NttAfilKl ^ 9 y ^ 
b^-TV\ *5^5*!*3fl»fcM\ GaAs»tt)f 

V^><b UA^bG a Aslifi5|^0^#SMT*N 
H, fc^^K: J: 3***51*^. B*fc¥*&fc«ffi*> 
G a N3fe*«rrt*$*<t 5 5»^*fflt3ilD»"*-Sa* 
G a A s KSf4iKffl^r« fc— «a*tMbbTJ»*lT b£ 

lcMUttt:GaAsSteri < t<ix5 6 *rA*fe*»WW: 
G a A s «K«:»ai»C*lJffl-r 5 - k ti*X% 
[0 115] G aAsI^ (111) m±K-*X?m% 

GaAslS^il^ ^ffi, 
W*rsrfc»J:J:5. ¥feSGaN^*&KS:»iS^ 
*z55-e#5 (IS^2 9) o GaAsS«(D»*tl, i 

[0 116] iJUTS^fcWBfftGaNOWMS 
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<£>*^£U W**PX-f5^^lc:J:o'CGaN**S 
[0117] £ o UT»<b*ifcG a.N»Kl4, *«Ul«F 

*ffi«>i&*fcVveG a N36ft«rJ*ft**5ifclcJ: D<E 

#LT*3tK -t0»*^l***«<0«ftr41 0 s cm 
" 2 £*TTifc5 0»#*2 1) o 
[0 118] $k^mk%UV>te&V>W£3smk LTX 

[0 119] *, 5-o©W**"jfett. *.y*-tfy 

[0 120] 5i*0(Effifi-e-V^V^§RMmS03iy^fcr 
yhtW rfr 1 0nm*^lt+ 

ftfitUTfil 0 5 cm" 1 gfttTtl^ 

-tHb<0^«-(7>«fl[fil 0* cm" 2 ^TPCfc 
5 (flt*«2 2) . 
[0121] 

mmm] mmmi (f7 7 ^7±, ^***umi 

+WB«niD ] [211 8 (a) - (c) KSOfcW 1 OX« 
&«2 l<D±\£&tt%<D-*X? 2 2£ttlt5 0 



18 (b) <D£5\Z7T*yhm2 5tm&\z.mfc1t.W 

So I!fli!b*B*:WM»I*J:^«JPXLTTO¥»ft 
HI 18 (c) ©J:5^Mo§^GaNi 
ir-ef4«SiUT1l-77^7*ftfifflK 
*«BUfc. cffi(0«ft*f77'f7i8T*)5. £c® 
iW-f«>HVPEjfet<totJ?* 2 ^ m<Z>G a NaitT 
bfc. GaN/t^r^TSK^Mffit 

^^«rKrtfcto (Z.) <t> ^*?&Rttr*©**0> 
%co (^) OXil 5 ©WRtrWUfc. 
^(Djfft Hf77>(7lK«©GaNiO 
<l-10 0>*|pHcWf^SJ:5^Ufco 

6 0 ^*^#©f*S i Oa Tfc9JlgJ¥te0. l/tm-Cfc 

So 

[0 12 2] Z l O»Rl4v7^/GaN/t77>f7l: 
V*5HJH*3Mr»*>\ f^S!S«:GaN/f77>f7i: 
v^3iMto D ^^)J;p^Sffi(D±|cHVPEjSfe 
laot, GaN»*OfiK««rfTo/t. ^SafiW-Cffll* 
fcHVPE^gii, *EE<0»S«3<Drt»»CGa^^/l/«r 
h&KttHC 1 +^ir He 

HB^ttt-^^fcoTG a tf— h-^*K£rApjR-e* 

#^5>HC 1 U- G a ^ *A-£Rj££i*G a C 

T*3** T*^STlt<5GaC 1 ^ E«?* *KBLb 
l£G aN£i£&£-tt5o **yir#*«*1-^T7k*£L 

[oi23] (/< y 7rs«) tL-rmm&m 490 

iCOttnLKifimU NHa #*#EE£0. 2a tm (2 
OkPa) , HC15>ffi^2XlO" s a t m (0 . 2 
kPa) i:Lt, «Wffll0^ GaN^y77S 
^3 0nm©H^l:ifiiLfc. 1 0 0 n mJ? 

^(D^^^^feO^^^O±JC«:G a N255it«fU/cCV\ 
^^>^<7)P^a5ICO^/<y7r^^3 0 nm^Jhtf *b 
tbfc^iJr^^So ^ttili j 3 0nm^5/77i 

[0 12 4] (^f^drV-V/VjlO^) rtl^W 

£9 8 ot-i o 5 o 9 c\c%.m.^xs<yyrJg<D±\c£ 
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[0 12 5] O^V^/UA 

losot 

NHa 0. 2atm(20kPa) 

HC1#]£, 5X1 0~ 3 a t m (0. 5 k Pa) 

jft«ttm smm 

J$ftiIJ¥£ 2 9 0/im 
[0 12 6] Of-^^/WB 

j&&mM io5ot 

NHa 0. 2atm(2 0kP 

HGl^flE 5X10" 3 atm(0. 

jssbsiki 9 ma 

jfcg)iJ¥& 2 70/im 
[0 12 8] Of-^/UD 

1 0 20t 

NHa ^EE 0. 2atm(20kPa) 
HC1#EE 1X10' 1 atm(lkPa) 

tft&mm 6 

J&g;iJ¥£ 3 3 0/zm 
[0 12 9] 0^->^/UE 

lOOOt 

NHa #EE 0. 3atm(30kPa) 

HC1#EE 2X10"' atm(2kPa) 
$JH$f« 3. 5mm 
J*S»*3 4 0 0/im 
[0 13 0] Ofy^F 

j*gta& looot 

NHa 5>E O. 4atm(40kPa) 

HC1#EE 3X10"' atm(3kPa) 

f$.&mm 3 R»ra 

/&S/IJ¥£ 4 6 5 Mm 
[0 13 1] OlfV^/l'G 

9 80t 

NHa 0. 4atm.(40kPa) 

HC1#EE 4X10"* atmUkPa) 

2. s^ra 

fifcftJTOS 4 4 0/im 

[0132] rfrk eo^fy^^^^- 
[0133] fljeaxKft/<7^— ^-c*>5*«, 

/^A. C, Df*1 0 5 0T;, 1 0 2 0 < C^^it^Wi^V> 



NHa #EE 
HC 

[0 12 7] 



lOOOt 
0. 3atm(30kPa) 
2X1 0" 2 atm(2kPa) 
3. 5B#P^ 
4 2 0/im 



) 

5 k P a) 



[0 13 4] NH 3 ^BEfcrtKtc:j»»rsj:5^it 
5o ^V^/UA, C. DttNHs 5>£Ed< 0 . 2 a t m 

(2 0kPa) T'$>5 0 I^V^B. EttNH, 
O. 3 a t m (3 0 k P a) -C*>5. t^F, Gfi 
&i>m<X0.. 4a tm (40kPa) "CfcSo 

[0 13 5] HC 1 #JEfcgBU-C*;ttf, f-V^/UA, 
C, Dfil 0" 2 a tm (1 kPa) fiTF"?*) !K 
^A'B, E, F, Gtt2X10" 2 atm(2kPa) 

[0 13 6] nc^^WMrt-5R9«IH2:AftJI*d 

ii^fiifV^/UC (30|*m/h) % A (3 6 y m/ 
h) a*WfcH£V\, IfV^/UD (5 5^m/h) t>tel\ 
^tbbttl 0 0nm/h**^fiRSjfiSE-C**>5. *v:/ . 
(1 2 0 Ai m/h) x E (114/i m/h) > F 
(155/im/h) , G (1 7 6 M m/h) Hlvf*!^ 
1 OOMm/hSrMTV^. 

[0 13 7] fg.&i&Bt&±%\t^>'7'/l> (G, F s B x 
E) fi, «ELTv^tf, NHa HC 1#JE 

tf*<, jaieasfiv^o-cfcs. sane, NHa 
(C, A. D) i?-efc5 0 

[0 13 8] itie>fy^*ffitift«Betfc. 

i#OBiWfl«ojtll (^r-fey bttJfc*) F/W£ 
[0 13 9] *««<D*ffil4, M^#iaoti^|: 

A. CttSiifi c ffi-cfc 0 ?»¥fit?7 7 1 y hfi*o 
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[0 140] ^ft^OiJ-i/^B, E. F, GI2H#; 
Hearts 7 r -fey {11-2 2} ffifcfcoTi^ 

{i 1-22} mt m#f\z {1-101} m&&zm& 
[oi4i] &m<Dmw§m&<Dibb. ^ty^©G 

XG a NjS^®O^Jfl^$rtTofc 0 ^f^PX^co^® 
^®a^25>Rma si. 5 nm^T^U^ 
tC{t_blf, fi&T&tt (*^) KLfc, 
[0 14 2] ^0&V^l>5&ffffr£fTofc a E P D£r 

&#>z>tz#>, mm, timoM&t* 2 5 or^n^bfc^ 
¥rxtecm\^$.fhx\.*? 0 tzfrt>F/w<Dmn!&-r 

[0 14 3] OU-V^A 
"To 

Mt^rty h£fl®fcit^ (F/W) : 0% 
EPD: lXl0 8 cm" a 

[0 14 4] oty/^B 

^S^^^riry hUmmitm (F/W) : #)50% 
EPD : 3 X 1 0 s cm" 2 

[0 14 5] Ofy^C 

-To 

^r^7 7 iry b&Kttt:^ (F/W) : 0% 
EPD : 3 X 1 0 7 cm"' 

[0 14 6] Olf-^/l'D 

/&^o^#tfH: fbzmmvtmx. ^m^yhntz. 

^^O^r-feiy Mfl5®«(it^ (F/W) : 10% 
EPD: 8X10 5 cm" 2 

[0 14 7] OiJ-V^/WE 
ritft«o*ffiftffl : ^®§P<!r 7riry MS&£ o 7 7 t 

*ft«077tyh»B«lt* (F/W) : ^4 0% 
EPD: 5X10 4 c m" 2 



[0 14 8] Of-^^WF 

ffi¥Ktt^««$tu5o *y h&m&L1tVtmo 

&&&<D7T J by h&ffimttm (F/W) : $J8 0% 
EPD : 2X10* cm" 2 

[0149] Of-^^G 

te^7 7tj/ hSP®i»it* (F/W) :tS13fl00 
% 

EPD: 1X10* cm" 2 

[0 15 0] rHb^v^/u^?*,, 7rirs/ho# 
ftLftv^v^/VA. Ctt*»93J!:**n4v\ 

/1"B, D, E. F, GK&V^Tte^T-tr * bMttfc 
tt t G a Nitef B ^E PD«: 1 0 7 

cm -2 &T\a*T&t>t£fr^tz.tiK ztib-y-^/^n 

V>Tixt 10 B cm" 2 £?>/h£<fcoTV^. 
cDlftttE PD£r 1 0* cm" 2 WTl-TJfar tXh 

f28X10 5 cm" 2 . 3X10 5 cm" 2 Xfo 19 ^Jfc 
«:»fc-*\ f-V^/VE, F, GttlO 4 cm" 2 ^"Cfc 

[0 15 1] fy^A, Bl*£ t>^^^S:ffifflU* 

<nh, . hc \ftmifo<&&mii&m<xmffii$&k 

UV^o £^«52*EPDf*;i5<-C 1 0 a cm" 2 
*K fl£*l"</i' (10 7 cm" 2 £*_k) X*>Z>o 

[0152] *&mKm+zvi/7/uBi±f£&m&&< 

NHj , HC l^EE^<^jt*255ii<-C7Tiry h 
J««UCV*3. 77ty Kit^li5 0%T&9, EPD 
tt3Xl0 5 cm" 2 "C$)5/0^^i «10' cm 

" l ) &Wfcu-cv*s. {pjixti^^^^u^o-cfcs^^ 

^-^>-^/WB^*5V>TE PD^-^V^/^AC01/3 0 0 
[0 15 3] EPD^>OJ^Sz5^T^y h^l^fe 

¥ttfct>^fev>. tl^?^f>EPDfiasS5&o« 
St7rtyF gW*>ffifl[ ic «fc o x J*#Jg*# $ H 6 tti* 
Tfe^o 77ty h^25 5 ^^yVBtC*5V>T5 0%T? 

*>5a>e>, <>u*«*tt:fi»JBa»Ta!>tu«. epdi^m 

irUAO^SXlO 7 cm" 2 £&5^-e£>5 0 
t^^i/3 0 OJc^oXV^o <^v^^i:ttty7' 
/l/B^C^5V^Tt®^C^oTV^MtEPD^oTV^ 

[0154] fy^A (-^^^^U ify//uc 
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tftotV^. NH. s HC l#EEa$ffi<j£ 

8 cm" 1 , Cli3X10 7 cm" 2 XfcSa><bl^f *V 
t«*at«0« (>10 T cm" 2 ) MfctftV\ EP 
BteACD^i^^LX^So ihttH"^ 

* <D#Jfttt E PDSr 3 fd^a $ * $ Kifi «f ft V \ 

X#S, 

[0 15 5] 7rtf hlCiS^MWWfcHc^^^ 
DlCfcoXt A f-^^Df4»^d$«ffi^*> 
otl^y h^t^S^lil 0%l£a|«rftv\ Kfca* 
^f>fEPDH8X10 s cm" 2 |C«4>LT^5. 
^ (ITV^/UC ; 3 X10 T cm 

" 2 ) £ttlfcLXfcEPD2Sl/4 OK^LXV^So 

77ty Mg«*?tt e p D>&5 o x*mmmm*m&t m c 

EPDWci:tM77t5/ h®#0. lftkEPD 
f*2; 7X10 7 cm" 2 |C LrtMST Uftl^tt-TXfc 
So «SB^*5ftS7r-fey b®Otf:*£tt0. l^ffc 

-frXV^^XfcSo «E«*Ort»l-77tyb^I 
£RI£LXVn£o ^^.t^Jci^^^^r^y H-<fc 
5Kffi«^W:*ffi^^«:^XV>-Cf±ffi«T?#ftV\ 
[0 15 6] fy//UE, F. GttV^tut>EPDi5i 
0 4 cm" 2 <D^— XlI#iJ>&>ft V ^ £ $V ^1t 0 
Xfc^EPDriM^^cDtt^rir s> fS^ttt^l o 
Oyo^iJ-V^/UG (1X10 4 cm. -2 ) XfcSo 30 
OftXEPDri^V^tt^riry hJ£^ri*4 o%ofy 
:7VWE (5X10 4 cm" 2 ) XfcSo ^frbiborfcri* 
7 7 -fey hB*jJ«fci:i*i©l o%SSnEP 

D«'>fctt*tfeUfc»|* (if^yOWD) 77t 
s/ h tt WilS V > li if E P D ^{g^ti:^ U V \ £ V > ? 

[0 15 7] try Hfc^rir* h^LfcifV^/uo^ 

faOj8#*pfeX;fc>So 
[0 15 8] h©f^»©MO*B«^A/^ 
S^^tet^^Jxfco »&K:J:oTf4. Vy h**b<D 

ffitt {11-20} Xfcofco ffitt*lferi/W«fc*Wfc 

[0159] fe^^aism^mftm^o^fix v-zs 
d> e, f, g th\z\z&mcm*#;vix-$><> 

tea M'y h + ^ffi-ettlEttaS^btbfea^ tfs>h*4>tf> 



[0 16 0] r^l^^jXEPDSrl 0 4 cm" 2 
-^-£X{£^X£fCo £&ft5*frO*i»blcJ:<> 
X. EPD*$fel:e<t?f5BJSBtt3dS*>5. £*:10 
4 cm" 2 ©6$©EPD-CW1 :OGaNS^l 
KLD (W-tf*^*— K> *fls»bfc»£\ +^ft^ 
^*^#t>tbSX*>5 5 r £MHf*4*u5. LD 

z <om ^y//^ f , g icov^x vxmm <w y r 4 r & . 

[0 16 1] 2 (GaAstti, + X 

] 0 1 9 (a) ~ (c) |t*ft«2<OXa 

Sr^-To l <D±\c&ttZ<r>^** 2 2£tttt£ 0 

1^7 7^7, Ga Asft^*D^<D^Xfc 
AV\ J&*»UXGaNttfi2 7£S*j«ft£*3. tt 
ffi*fl=«r»tt, 7 7*y hrtfit5*fr"C*fiS«^ ■ 
^1319 (b) Oj; 5^77ts/ h®2 5 riS&^tC^Ux 

fcOQifbfcStfSffitft*. iisW^ts^H 

£>So SS^*ttGaNttft2 7*»B;EUy]i£b* 

So SI 19 (c) ©J:5CGaN##©*S*2 8t)|- 
So ^jmt77-rr*»Eit'CGaN^l 

tssctfco^^/N^oa-r* fry**) zttfxzzx 

£*DSfc«>X£>£o Ut77^7Sfet^<GaAs 

[0162] 2>fyf (111) G a A s g&<OG a ® 
((111) affi£ifei*5) fctt/BUfc. ^^^^5 
G a A s St5«0±®tCS i O2 H^^^CV 
D^^ioX^Ufc 0 -^*?(Dm&te0. lumXh 

So tco»^4- h v y^77^iaot^^^Mit 

fco 

[0 16 3] ^^^*f±«^^tti*^riB-e*>53fts, ^ 

^Xf4 Ky h*o«Sr=PAia3?«^ft5 J: 0 IcKrtfc. K 
3/ h*ttIS2 Aim^^t^XR^XtiE^X^ 
GaAsI^< 1 1 - 2 >^(S]lC 4 /i m ^ 
Xl^JtCia^lJU, ^>o< 1 l-2>*-[6]^3. 5 timM 

(nm&m-tZo »«-rs^jjcMrs Ky h«< 1 1 - 2 
x# s <t 5 ft^oga^ijxfeSo 

[0 164] Kyh*Wt^^S:MtfcGaA8$ 
^|C X HVPEfei:J:oTGaN^y77l^^I$: 

icg a ^ ^/^Hz^bfczjf- h 8 o o^icanft&L 

HC l^mtGa C 1 T^^K#S 
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GaNM«ft*t5. *«S«l»4*3i/Nltfc»» , tO. 
t-t$i><DX'1bZo *tt«2-effifflt5HVPEi6»l 

[0 16 5] (/^7 7g(6W GaAsg^^5 
OO'Cofiia^fe, NHi »BE0. 2atm (20k 
Pa) , HC1^2X10"' atm(0. 2kP 
a) t LT*U3 0^KGaNlK«:^S$*fc o 
COG a AsHffig&tf>^ia&8 0 nmJ¥#.CD^ s/ 7 r Jltf* 

[0 16 6] (attrjB©^*) GaAsM^MS^ 
1 0 0 0 < CtCl±tfT> NHs #JEE0. 4 a tin (4 0 k 
Pa) , HC1^E3X10" 1 a tm (3kPa) t 

Cfco ja**raraj» 1 o oB#rm**>ofc. 1 o ob^co 

aifjEftftlcfcoT. i$£tf*2 5mmC0G a N>f >*>y V 
3fl*f^«"Ctfc. h^Oj&KttG a A s S^^OV^ 

fc**T?*>3. GaN^Ili, X&7cttfc¥fiB (ft 

9 0%i«7rty hO#4t5««T«)5 (F/W= 
0. 9). {1 1-2 2} ffi^^^SiSA^fil^tOfy 

[0 167] ^co>f V=fy if— 
>f^^Jitott»fr (*^'\> ^fc.GaAsSK 
{M^2mmi?(OgB#£, J&^M0GD#) 3 mmJf:60£i5# 

I$3 50m mCOG a Ng^d* 2 Otfc^kft 

[0 16 8] <DG a N-f V=Ts/ h-efeoTt>fP{&t- 
iotEPD(ij|3o t^-CG a A s SJEflOlCafiV^^ 
(H) , ^$P60^^> (I) s /S«B5<RHCiftV^:r. 

(j) ^3tfc*»5Wbx^^ji tra«<ow«w*« 

[0 16 9] 

Of-V^H EPD: 8X10 5 cm" 
OifVTVH EPD: 6X10 3 cm" a 
Of-^^J EPD : 5X10 8 cm"* 

[0 17 0] rcOj: ?\zm$>Xfc\<>E,PV<Dm.tf'&t>tl 
fco ^0iJl<O^^/hEPD^i 0 4 cm" 2 ~?£>o 
ftt^ *Jx*»5fc:fcteVMDT*>5. NH, 5>EE (0. 4 
atm (40kPa) ) , HC 1 ftf£ (3X 1 0" a a 
tm (3kPa) ) t i>\Z-M<U&M&< (100 0 
r) T«ft« 1 V7VUF t Ra*OfiRft*#tf*> 

So 

[0 17 1] W!M^*^0>*BS:«**-5*:. x y 
^GOif^f X(Dt>c0755fcofe 0 ;&y— KA^*-tev*©3fc 



[0 17 2] 2k»c»>}-^DXL-CK»S:f^JBbaig«^ 
tr* hco^^SPt-> StSfiitc^il^^cojB^teiS^^ 
6 0*<D«A«rfeoT#SUV>5. fcT s> h**MM«E 

at try hO^^SiE^^^^-^*rHT, 

[0 17 3] Z<D£5teffl&t£&m:G aNtt^MT 

^ffl LT G a N^O L D Srf^K-T 6 <h^^CO I- - If X 

[0 17 4] [«tt«|3 (^r^TStR, + * 

7«fX*PX) ] 02 0 (a) - (c) fc*««3*>ia 
^^-fo 112 1 iCjifcltgtttcD^;*^ 2 2«:W«. 
SW7 7>f7, Ga As^^ifiOStROWJx-e^ 
fiV\, *ilLTf ^<Dfc5G a 2 9 ^MBAft 

&£*£ZfrbEl2 0 (b) CO<t ptC^r^y 2 52J5 
+&Z.ki>-*>Z. ff*©*5GaNtt&2 9*«£M[ 

2 0 (c) CD<fc 5tC«»ttOG aN»#©5 7 — 

3 0, 3 1, 3 2, 3 3— £rft£. *JE0»j2tt:GaAs 
SS*«oTGa N«rJPf+ttU^9>f *b~C2 OtfcO* 
^NjCbfc 0 ^SCf4t77>T7fflE*ffiorG a N*J9 
f*rtb*7>f * UTafttfco ^/n^5J:? K b J: 

9o J¥£0. 4 mm© c IS:*t« 1 7 7 7*ftft S: 
&*S£Lfc 0 ffeHVPEfe^ t77>f7^I^l 

/imCOG a N^fcTS^^Ufco 

[0 17 5] -£©£c®lC0. 1 MmJ¥^^0^^^W^f 
(S iO, ) $r«^Ufc 0 ^^^ftf4**^*0»«3fi* 

HGa NJiO^tt^UX-^^^Kofia^jo^iRlSrJE 

[0 17 6] K.y h*ttiE@2 MmS*co^#^"eR^ 
~ot>2Ber&~ct>Av\ G a N^£D< 1-10 0 >^rS]ld 

4#imtry^-eijuijaawu ^o<n-2o>^ 

IC3. 5Mm«l^fci:i^lJ:|^C4MmlfyfClRlC^ 
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h^<l-l 0 0>^fS]|C2^m (^fy^) -r^sj; 
p^Ufco £*l£< 11-2 0>^{C^i9^-ri 

M0l2'&HCftlffljMx»**HVPE 

[0 17 7] (actrJB^JBrt) ^VGaN/f77 

>rr««30^45SKo«a*«r»i 03 o^jcft-^, n 

H 3 #EE0. 3 5 a t m (3 5 kPa) , HC 1^£E4 
X10" 2 atm(4kPa) t bfc. ^^ffili^J 1 

oo^T$>ofc 0 mmm2 t&fmnmK-v&z&s n 

H 8 #JEtt'> HC 1 #I£te4>Lii5< lTfc5 0 

[0 17 8] actr^*^ir^rt*^«to-C, ii&£J&3 c 

cis^fewiW(is*<x3 o%s*-eko 

[0179J {11 — 22} mfrbttZi&sSftmVttOl? 

U2 4feO!>x/N^§fc 0 t7r-f Tg*£{|i|£>3mm 
^^^^®{KI^3mmj?<D^f±^)l9^T^o 2 
4tfc<7>«^^tt^flPILTJ?£ 3 5 Onm^?TO 
^GaN^x/Ni:tfc„ 

[0 18 0] HJ60tj2 fcPllSJ: ?lc|^--f Y<D 
ft^SSIitt^ib i ofc 3 ttS:Jt« Lfco if^r^T 
TSEDB^jfiv^^/^ (K) , tp&MW^jv 

(L) > j£g®M£i£v^v:7Vw (m) <£>3tfc:£$i9m 

[0 18 1] 

Of yT'/UK EPD: 2X10 4 cm" 2 
Ot^/H EPD: 1X1 0 4 cm*: 2 
Of^/WM EPD:8X10 S cm" 
[0 18 2] mHBM2 XVm^tK -tivcfc+flictt^ 
EPD<offi$mt>ln1t 0 SU6«io»&*/hEPD3i«i 
0 4 cm -2 -O&ofctf. **L*|iW?-C*>*. Uttftll 
£>3Mfctt * ^ 1 ft UA^tt^V ^5J»fc« 3 <Dmttrt& 
«;-«T?»H-tfcOGaN^^«:8!3S-C#5. NH 3 # 
IE (0. 35atm (35kPa) ) s HC1 (4 
X10"' a tm (4 k Pa) ) t i> \cm< t&*fiftl^ 

do 3 ox:) t^ozt&m^-ehZo itiiaot 
[oi8 3] mm'&w^n&m&WLm-r zt. =^y 



[0 18 4] ftfc^^JPXUTlWSrfBHuaa*^ 

[0 18 5], r © i 5 ftftfittG a Nli^*l*-ei< # 

TG a'N»OLD«rffiHi-5 t*iMr<OU-1f^-<X 

[0 18 6] [Xttft|4 (t7 7 ^7^ 4®»ai 
»<5tt + *^*flDX) ] 02 0 (a) ~ (c) K 
»t«4 0I8S:^t. S«2 l(c±(c®#to-<e^^ 

2 2£tttt5o Stettin 7 >T7\ GaAs/^» 
^OfiT;h/efcftV\ SS«rffiUT»*0*>5GaN»* 

ftr5*#T«*S*S^I=>ia2 0 (b) W5I-77 
-fey h®2 5 3fl*MWc^/t|W]i!!i^Stf*ffi^*5. 
ffis fc»5M5pffi-r3£fct>fcS. fWSGaNM 

r> 3^0*® £ 9FMttlX«3 J: UW^PX UtWWft 
^ffit-f^o B20 (c) <OJ:5l-*«ft«)GaN** 
0^7-^x^3 0, 3 1. 3 2. 3 3-&&S. 
M3 trnWHOXmcX-oX, V 7r-f TSR-bKlG aN 

^y7rifio<^,f x =ctrs»t^>*#*S^X4a 

[0187] (G a N:* 
IlM (**J0> 2 BSIB) 
j&mmm; 1030X: 

NH, 0. 12a tm (12k Pa) 

HC1#EE; 2X10"* atm(2kPa) 

S&2J£P£ (&CD2B#ra) 

AftSX; 1 0 30t: 

NH, 5)E ; 0. 35atm(35kPa) 

HCl^E; 2X10" 1 atm(2kPa) 

^3^ («< 2B#F^) 

riKAfiA; 10 3 or 

NHi dE; "0. 12atm(12kPa) 

HC15>IE; 2X10" 2 atm(2kPa) 
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HUM* (&\)<D9 Stiff® 

J$Mm&; 1030t 

NHs#EE; 0. 3 5 a t m (3 5 k P a) 

HC1#EE; 4X10" 2 atm(4kPa) 

[0188] ^Bino^mio ia#fB-0*>5. 

0 3 0t:t-IlTV>5 o 1-3S:««:|OSI!<0 

fcT^S. 4&PgcD9 5l*|«|^«tt*ttfify3.i:±<|^ 

[0 18 9] XttM3^!Sl£R&J:9 
fCiRSna cm<OGaN>TV=fy h**fp>|t»* fc e 

<">2>f:/^, 3 5 0 m^G a N ^x/N^j|t 0 

mmm 3tm^^o\^y T ^ T.m&w<n 3 mmj-p-^o 

tofts &&mW<D3mmmiS<ntoftt±®V)&Xti 0 
[0 19 0] GaN»RSrW«-t-5fc«>. ~3ttffl3* 2 

fclWWCv f7 7^7S»if-y^ (p) % 

■**«3- 

K 1. 5X10 4 cm" 1 P 5X 

L 6 X 1 0 s c m" 2 Q 4X1 

M 4 X 1 0 3 c m" 2 R 2X1 

[0194] ^(Dmm&m^ztLM^ mmm3, njfc 
<d w*>#x*Ltoft) &tsjjfa<Dmm&* 

[0 19 5] ^frt*mMM4\C&\<^X®M<Dj8.g:&ft& 

xmmm 4 <Dm&*m u < «^ t> ^-eks, 

[0 19 6] [|B»«5 (GaAsl«g^^y 
M ] IStUGaAsSStMtS. GaAsS 
2^yfl (111) ^Gal^iU H 
*£0ij2 £""J«tC, ^-f^Sl-S i Oa 1^7XvCV 
DSaoTO. 1 /imJ?lC^6 X5"MtU *<0&7* 

[0197] m*tmvt&'*jti&x*>z*K 

AsIfeO< 1 l-2>^rS]<hUfc 0 Z<D£?t£Xh7 
*<y?&$:-*x?<D±mz-teJ&L,fc 0 S i O, -e*^<£>I£ 



cd^v^v (q) , j*fi"^fcifivvfr:'?Vi' (R) 03 
ftW^iA^^oT^Slfe EPDi^lTofc 0 
O^V^/WP EPD: 1X10 4 cm"' 
Oi^-^/VQ EPD:8X10 3 cm"* 2 
O-^^/l-R EPD:6X1.0 3 cm* 2 

[oi9l]«i«2, 3 fc[RlCJ:5^«ie«l-MT< 

l5^^EPD^T^S^V>9*f^55^eo EPDttHife 
iS! A A«*-C?Sa* 2 n mgS©/h * v % <Da>*>«+ /1 m 

[01921 nmM3 tfmmtn^y^vvvztm 

«S«3^*3ft«4^*5V^, /h*v^«o-c 
[0 19 3] 



1 0 8 cm" 2 
0 c m 
0 cm 

5fc:fctt~>HVPE8:tt. 2 ^ |BJ C8B.«r« ffl L 

[0198] (^y-7rJB^*) m&W2 tmm^v 

*i"J^5 0 0*CO<£ffi.lC-C, NHs ^^EESrO. 
2atm (20kPa) , HC1 #*#EE£2 X 1 0 
" 3 atm(2kPa) a, /&&"#""*$ 3 OftX, G 
aN*>&fe~>'~:v7rJB£r*'~8 0 nmM^^^rto 
X (lOOnm) <Dj?&'< > 7 T M £ K> ~pVa> 

Z<D&V£Xt±^X?mnto (&) OGaAsS^ 
m^G aN/'5/7 7i^It5o -v*^tf>_blC|*G a 

[0 19 9] (^^WfcjEfc) ^^ilOOOttTt 
?atX, i(DSgT«G a Nxt^^v/t^i^^t 
*io PCHVPE^Irt-C$>5^WI?o NH, # 
~E0. 4a tm (40kPa) , GaCl ftfc 3 X 1 0 
~* atm (3 k Pa) £ bfc 0 dtMnitK 4 
fcofCo «Ga As3£«£"E**TN*y^m-fc 
LfCo £bl-I"~l 9lC^bfc^n-fe^^oTW^PX 

laDGaN&fi^joiifc. mmzmmmx-rz 

ZtKxiX, mZffiO. 4mmOGaN^i«:ifc <1 

^ofeso-cy^try y&&*mi£i,tz.kz.z>. EPD 

I12X10 4 cm" 2 Xhotio %ft\Z.fe\iVx.*my 
[0 2 0 0] (GaNS»^^fM) WC^CD 



(21) 
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«=(4, NHj #EE0. 4 a tm (4 0 k Pa) , HC 1 
5>IE3X10" 2 a tm (3kPa) XhZ 0 100B# 
nojAft^RTJK) 2 . 6 cm0>»i£0>G.aN>f >=*jy h 
«r»^i. ^9y^o«4»44<4<fflW!l4Wlt?abo 

5%f±7rtjx>»t*>ofc 0 {l 1-22} Sf J: 9 4: 

[0 20 1] Z(Dj^=f y hZXy^y—KZ 

JioT, J?S3 5OMm0)Siii5?ffl4G 

aNS«^2 5tk»fetufc. GaAsMltfcofcl 
mmfij^B*^ J«*fli«^>3mmff*S<0«^tt 
SJ0*Tfc. &m&Zfr*X<D?j:frXMci>&<. G a A 

[0 2 0 2] ^^GaNSI (£a=-'>) Klol^TfF 
^ffi^r^To/Co IWB©fc«>* $J9fcbfcG aN!>x/^5 

[0 2 0 3] 

O IJ-VTVVS EPD : 7 X 1 0 3 cm' 2 
O f^//UT EPD:5X10 3 cm"* 
O f-V^/UU EPD : 3 X 1 0 3 cm" 2 
[0 2 0 4] £jLb<D«fc5K. wtt^'Ct^^r^iSV^E P D 

y- FA'S *i? V^ld J; SlftliioT^o 
[0 205] !>3L^*:»>l-|cinXbW»*rfHRbX. 3 

.torn ^^e^ h^^o^^^Pfe^^^t^ 



[0 2 0 6] 

G.a NWttAXfiojKfiftlwJ: 9 , «*»<b;h,*a>ofc 

1 0 6 cm" 2 ^TOtefsffcOG a N*«fid5»bttS 

[01] Bftt57 7 ty hffi04t««)iU 8 Ofi^ 

[0 2] Bftt57 7t y bffi^tftS^l 8 0S£il 

[0 3] B»t5 7 7ty bE©fttA*^l 8 OtK 
£ * ft tc^KS L*i{fc t> ft m l, ft IWSi*^* ^ * * *± 

rr sjvcjss-*- 6 r t *^i-£4S0<> 

[0 4] Bftt577t 5/ M^tftS^l 8 Oto 

[0 5] B«t577t y hffi^ft^i 8 OftW 
±<DWr£fc{£V> mn ^S^ft WT'fc 6 jft* *>|E 

[0 6] »ftt5 7 7 ty Mito4tA*^l 8 

5 3>fa tci^s u^ffi t> *5MS Kn&ifc «t3ft$±*~ t 

[0 7] GaN«*irt*|C*5V^TiSXft«tt , y b3ftS*ffi 
[08] jRfttf y M£*5rt*J«ft#G]B. *Stfc*>aif?# 

*«*©¥ffi0. 
[09] G aN«Brt*fc*JV^T3B^«lfy bJft**ffli 

c t ^^r^m0o 

[0io] *«try hojeAAIWc:*srt5j***ftB. 
3te UftJMM** A £ Kxlfr L + 4>£fc#Btf- 5 * 

[0ii] &&&ft&-fe\c&hm$-fe(D\fy bmm 

«Trt»Ufc»-&O3»«o«WraD0.. «iRffi}ft^BAS 
(c«^) ®sX$>«9, 6»»iS77tyWft»w 
x$>a„ 

[012] *fi*#*»b$t77t3/ MS^til 

SU«:»*|filf:»t$«^l:7 7 1 y 
«K&t>fc«J:5l-Ufc»&'<o»ft^tt»fffi0 Q £4« 
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[®i3] «**»«ft$*7rty b&mutmm 

[12114] G a N07T7/Vt-^-^P-^»V\ 
[015] G a N07T7/^-^-^P-^l:^V> 

[1216] G a N^7f 

[017] G a N©7f 7^t-^-/B-^IC^^ 
[018] 0<DmMM\Ct*frZ>G a NcD^g 

»es:**i-0rffiia. 018 (a) t±mmz&ttz^*? 
«r^j«ufc*tto»fffiia. 018 (b) tt&mnft&ii 

0. 018 (c) tt«*«Sffi*W»WDXU*fe^W* 
It L t SKo f WG aN^fc bfc 

[019] ##^<Ote©jU6Wca»a»5G a N^)AftiB 
m$r^r»f®0o 019 (a) ttS£Ki*f*£^;**£ 
*fiJcUfc*tto»fffiH. 019 (b) tt&fflnttfriiL 
T£ttlCGaNfe^57rt 5 ' h^l^i^I 
0 O 019 (c) f4*tESrfi**UGaN»«*ttl»)*rU 



[0 2 0] #»E^te©^«K:a>a*5GaNOj*«ft 

mz^Tmrnmo 020 (a) rig&K&tft^x^*: 

^rtbfcttttoWfflBH. 020 (b) tt«H!a»*iiL 

XStRfcl^MDfcSG a NftP7rt5' 

1|gtf>KfrE0 o 02 0 (c) fi*KS:»*LftV^GaN» 

A«f V=*y ht9J«U»ftWX*^^>a 



KLfct><D<D|fc»rffi0 o ■ 
[021] sMBROttOXlKflKl^^G a N<DJ&g^ 

at^tusBH.- ■ 2 1 (a) 

**Lfe*»oWf®0. 02 1 (b) f±«BBPffl*iiU 
Xg&tCG a N»W$77ty hJ**bfcttlfc*5«H 
0 O 02 1 (c) H:aK*»4LGaN»4>fV^yh 

WBiJ»XUrTO¥»»-UfctOO«6»[EB. 02 1 

(d) f±-t*u«:a3isaiur*e>^ftv^GaN>ry=ry 

h&?r*y hril»**fcttl[l«>KfBBB. 01 9 (e) 



2 

3 HP'tRS (A) 

4 HAKKlOtfttt-GaNM 

5 7 7 ty YW 
6 

7 Igijteft 

8 ^fnl^riry 

9 77ty 

1 0 G a N^®*£A 
1 1 BBttANHB 

1 2 *g®^pi 

2 1 g& 
2 2 

2 3 BinSB OS) 

2 4 ^tf^SGaNi^A 
2 5 77ty hDi 
2 6 SR^GaN^ 
2 7 xlf«SG aN*£A 
2 8 G aN^x/s 

2 9 fftttt^trrtftG a N*£A ■ 

3 0 — 3 3 *Ufc£:*>^ 
3 4 x^SG a NttA 

3 5 G a Nl^i 

3 6 oLtf^SG aNM 

3 7 — 4 0 *LfcG aN^> 




[05] 




Ik « ft * 



<£ fit o fir $ 



(24) 



WW 2 0 0 1-1 0 2 3 0 7 



[89] [1210] 




[013] 

* * h $ o jb js 



file* 
x It 



mfmmt. c<b<a 





[017] 

12 ffi V 




(25) 
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(a) 





(a) 




(c) 




xO«H SB 



-29 




-31 



(26) 
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[»Bifl]¥*12*9^4fl (2 00 0. 9. 4) 
[#*H||jE1] 

[ffiIE#*SS*] ntR* 
[»jEtt*£B«] 0 0 3 7 
HI jEjWfc] £H 

[0 0 3 7] *8Btt77ty hOilctRffiiNHttttt^«> 

OSi»f4^3flS*BrUfc#K»fc«:5. 7 7 tyW 
fOTLT<^£*^£-fr5£, «> 1*H&V>1 o 

9 cm" 2 £&TOfiCHSk«>'«>«>ft*5r&3ftS-C«6. $ 
t>\C%<-<%Z. i:i:i0 4 cm" 2 -5X1 0 s cm 

|«MjE-2 ] 

[*IE#*»fi£] *E*fB§ 
[«iE*t*^B£] 0 0 5 2 
[»]E*tfe] £H 
HUEA*] 

[0 0 5 2] W*t77ty bflTCOfSfefrfaA, Bfcfc 

%x:^^6o 0 2|:77t5/hffi^M^i:lSfl:o 
aWf*«*i«EiiKl«U8U*:t>«>*r*^.. M^AtlE 

h©*JHlm**b(Ettl4|IBb*. »J&5(Efiaft#SS^r 

bW^(E(fl«d>^v^5 i5*r^f±jB^fe«:v\ 0 3f* 
[#*fc«IE3] 

[*tjE*t*#l*] 0 0 5 3 
[*]EjMfc] £15 
MEM*] 

[0 0 5 3] (2) 77tyFE^i8 0SiJtiO 
7tyMFa > Fb^ ^*&»3te*S*l«ll4cttl 



5/ hB^fi:rfc»il»S:/iEtfi^«»l,fc*lfi)^fc5 a teffi 
ir^r-ty HB«^*«*rtfc(^«)JlfT*rftl«rlSaiffl!: 
UV^SiJx^>f4rt«(c:ite*-t-<5. 77ty hB*5[w»cS 

Of^^c J:5fc:JHSrfS. 0 6 0) J: 5 fc<£ffi» c 

[#«niiE4] 

MiESMMIBS]- 00 5 5 

[0 0 5 5] jfcK:* iift*©«5»077tyH 

^icfiJ/BLJ; 9 H7tt {1-212} B©4t 

fc5o try M*TCttjft*#AA*. B-tt-toBKUMft 
#IrK fc$^lt^®l-W'C77ir y > &<DW?famz- 

o#ft#|6)ttcW*|pr0*>S. 77tyh®^M 
A, B-|C»oTteflDlftW:j8it^Ttf<. FaT?tf><g{fiW) 
xttf a tt A 4: WTCfc <5o F b XO&{£<7>^fr#r6j 
bttBtWCfc*. 6o^i® (7 7 t^» fi 

[^JfeSffiSE 5 ] 

[«jE***JSB£] 00 5 9 

tttjEjWfei mm 

[0 0 5 9] rt«tt±*rtlc:jB^*34»fe, ***^*>5 

[ffijE*r«ffis^i 

[«jEtt««l£] 0 18 2 

[0182] mmmzz dkv^ «t*t-cfc+#»:n£v* 

0 4 cm -2 T?*ofc*«. -ttbi:IPI«!-C*>5 Q UttOTl 



(27) 
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(i-tt^+t6:OG a N^x^^i|-C§ 5o NH 3 ft 
EE (0. 35atm (35kPa) ) % HC 1 #EE (4 
X10" 2 a tm (4kPa) ) £ K jib < Ml£ (10 

[#jR*tIE7] 
[ffiIE*J«»&&] Eft* 
HtjE^tft3fiB*l 0 19 9 

[0199] (strjioKfiK) ^giooom# 



fCo NlSHVPE*«rtt?fc«***fl=3i5ai5. NHa ft 
JEO. 4a tm (40kPa) , HC1 ftl£ 3 X 1 0 
" 2 a tm (3 k Pa) t bfc c AA^Nl£Kl4ttlRl v C 
fcofco to«G a A s IfitrlAf-Cxyf-y 
UfCo ^ 1 9 fc* Lfc -fe X |C^o TEFBMPX 

K«fc&GaN*Sifi**«anXbfc:. *E&W**DXi-* 
:tmoT^ J¥£#)0. 4mm»GaNM$:#t 

MMEMWfcLfcfc£^ EPD 
(12X.10 4 cm" 2 Tfcofc. ^l-<&V^5/^tr^ 
hSSTfcot, ¥#"CGaN^MS«i:Lt^ 



(72)&m% t&* mm 



F * — i*(#^) 5F041 AA40 CA23 CA35 CA40 CA46 
CA65CA77 
5F045 AA03 AA04 AB14 AC03 AC12 
AD14 AD15 AE25 AF07 AF09 
AF13 BB12 DA67 DB01 GH08 



